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Abstract
The interest in Integral Abutment Bridges (IABs) from the industry has increased in recent
years. IABs are robust bridges without joints and bearings hence they are durable and virtually
maintenance -free; moreover, the resulting cost-saving associated with their construction is
significant, a fact that makes IABs appealing to Agencies, Contractors and Consultants.
However, their use in long-span bridges is limited by the complex Soil-Structure Interaction
(SSI) which is developed between the structure and the backfill soil. Thermal movements,
horizontal loads and dynamic actions are transferred directly to the backfill soil, leading to
settlements, ratcheting effects and high earth pressures, hence deteriorating the serviceability
of the structure and leading to poor driving conditions for the end-users. The longer the
integral bridge the greater the challenge, as movements are increased and so are the
aforementioned SSI phenomena. This is an acknowledged gap in IAB design philosophy and
even though many solutions have been proposed in the international literature, the emphasis
is placed on the understanding of the mechanisms developed within the soil, rather than on
the efficient design of the involved components. This is the gap that this research fills.
This paper provides an extended review of the techniques used in the international literature
and in practice to alleviate the interaction between the bridge abutment and the backfill.
Subsequently, the performance of an innovative isolation system for IABs using recycled tyres
as a compressible inclusion is studied using detailed numerical models of a representative
three span IAB. The inclusion decouples the response of the abutments and the backfill soil
under static and dynamic loads.
Regarding the methodology followed for assessing the performance of the IAB with the TDA
isolator, initially, a conventional IAB is subjected to realistic temperature time histories and
amplitudes essentially providing an envelope of the thermal cycles for 120 years of the bridge
service and then a second IAB, isolated from the backfill, is subjected to the same loading. The
two bridges, i.e. conventional and isolated, are then analysed for different initial restraint
conditions, in order to determine the effect of initial temperature on the development of
pressures behind the abutment walls.
The comparison of the responses showed that the proposed isolation scheme is an effective
and sustainable method to isolate the structure from the backfill soil, reducing the pressures
experienced by the abutments and the residual vertical displacements of the backfill soil.
The proposed research can be of use for extending the length limits of integral abutment
bridges, delivering in this way long lasting and more sustainable infrastructure for future
highways.
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1. INTRODUCTION
Amongst the mandates of the Eurocode Committee for the evolution of Eurocodes by 2020,
Integral Abutment Bridges (IABs) have gained significant attention recently. The importance of
IABs over the past years is justified due to benefits over conventional ones. The advantages of
IABs [1] [2] [3] including, amongst others reduced maintenance e.g. suppression of expansion
joints causing durability problems particularly in regions with extensive use of de-icing salts,
reduction of noise thanks to the elimination of expansion joints, reduced cost of abutments,
as they resist earth pressures by frame action including the bridge deck, possibility of shorter
end spans, otherwise generating negative support reactions, structural redundancy, due to
the continuity at abutments, which eliminates the risk of unseating of bearings and aesthetic
possibilities, as more slender construction is possible,. The increased importance of integral
bridges has led to the establishment of guidelines in several European countries, see [4] [5] [6]
[7] in references. However, integral bridges are not currently covered by design guidelines
within the Eurocodes.
The behaviour of integral bridges is peculiar and this should be accounted for during the
designs process, but also providing grounds for innovation e.g. see [8] [9] [10]. On one hand,
deformations of the bridge deck due to thermal, creep and shrinkage movements are partially
or entirely restrained by the substructures [11][12][13] e.g. the abutments and generate
significant restraint forces. On the other hand, the remainder deformations or the permanent
deformations of the bridge deck will generate relative displacements between the bridge ends
and the backfill as well as between the foundations and the subsoil [14]. These movements
affect  the earth pressures  [4]  [15]  [16]  and,  if  excessive,  impair  the serviceability  [10]  of  the
bridge end zone, e.g. settlements/heaving [8][17][18][19] behind the abutment and in many
cases pavement cracks [20]. The movements of integral bridge ends are partly uni-directional,
due to the permanent loads of concrete creep and shrinkage, and partly cyclic, due to variable
loads, mainly temperature [15][21]. There is experimental evidence that cyclic movements of
the abutments may result in a considerable increase of the earth pressure, an effect known as
strain ratcheting [19]. Furthermore, cyclic movements may affect the load bearing capacity of
foundations, and in particular that of piles which are exposed to a large number of cycles
during the life of the bridge.
Acknowledged research gaps exist for the design of integral bridges including, the effect of
cyclic movements on the earth pressure behind integral abutments (strain ratcheting) for
different backfill soils, the effect of movements of the bridge abutments on the settlements of
the backfill soil, the calculation of the restraint forces in integral bridge decks with sand
backfills/abutments particularly regarding combinations of actions including temperature,
creep and shrinkage and earth pressure affected by movements of the bridge ends. Other
considerations include the time of the abutment attachment to the deck, i.e. during the cold
or warm days of winter or summer respectively. Regarding the design of the abutment
structural components, e.g. wall, footing approach slab e.t.c., and geotechnical components,
e.g. backfill synthesis and use of reinforcements or not, there is also a huge dispersion in the
literature [22]: IAB applications in the USA tend to use stub-type abutments with metallic piles
[2]  in  loose  soil  relying  on  the  flexibility  and  fatigue  resistance  of  the  piles,  which  in  some
cases  are  designed  to  yield  [21]  [23]  whilst  the  European  IABs  rely  on  the  flexibility  of
reinforced concrete sections, e.g. the abutment wall, thus using full-height [24] abutments or
slide-on-backfill abutments. However, there are other means of controlling the stiffness of the
abutment/backfill system and these are discussed in this paper as well.
This paper aims at studying the thermal effect on full height integral abutments and how they
develop throughout the design life of the bridge. This has been done by following the current
procedure of the UK code of practice and Published Documents. A comparison of the effects
of different times of abutment restraint has also been carried out, to obtain a better
understanding of the initial behaviour and trace any following behaviours affected by it.
Conclusions are drawn on the basis of soil pressures and their evolution, settlements and
heaving of the backfill soil, actions on the wall of the abutment. Published remedial measures
including isolation techniques and their effectiveness are presented and their efficiency for
different design conditions is assessed.
2. DESCRIPTION OF ABUTMENT, MATERIALS AND MODELLING
2.1 The conventional and the isolated integral abutment
For the purpose of this study, two different full height abutments were analysed numerically
and compared on the basis of short, medium and long-term performance criteria, i.e. soil
pressure, backfill settlements/heaving and actions on the abutments. The selection of the
shallow foundation was based upon typical abutment geometries reported in international
literature [25, 26] and was checked against realistic loads and displacements chosen based on
conservative assumptions. The standard stability checks were carried out on the abutment
and the foundation and the design was found to satisfy the requirements set out in the
Eurocodes [27, 28].
The first bridge abutment comprises an integral full-height wall in contact with the backfill
soil, which is the typical detail for IABs in Europe; the abutment has a total height of 7 metres,
a wall thickness of 1 metre and is founded on a spread footing foundation 1 metre deep and
longitudinally 5.5 metres spread, founded 2 metres below the ground surface.
The abutment is rigidly connected to the deck. A prestressed concrete deck 1.5m deep was
considered reasonable for the chosen span length to be employed; this corresponds to a
typical  span  of  45  to  50m.  Both  the  abutment  and  the  deck  are  made  of  class  C30/37
concrete, according to the BS EN 1992; its properties are: unit weight of 25.0 kN/m3, Poisson’s
ratio of 0.3 and Young’s modulus of 30 GPa. Details of this abutment are given in Figure 1a.
The second abutment considered, which will be referred to as isolated abutment, represents
the novel integral abutment system; in it, two additional measures were introduced: the tyre
derived aggregates acting as compressible inclusion (isolator) and the geogrids which,
together  with  the  soil,  form  the  mechanically  stabilised  backfill.  This  is  a  combination  of
measures that had previously given encouraging results for large dynamic movements [29].
The isolator is a compressible layer placed vertically between the abutment wall and the
backfill; its properties were defined by laboratory tests conducted at the University of Surrey
and validated by tri-axial tests conducted at Aristotle University [30, 31]; the results obtained
through the lab tests conducted have shown good agreement.
Specific details of the procedures can be found in [32], along with different arrangements for
the compressible inclusion layer.
Details  of  this  second  system  are  shown  in  Figure  1b.  The  filling  material  considered  is
compacted sand, which is the typical backfilling solution used in Europe, whilst the foundation
soil of both the conventional and the isolated abutment was assumed to be clay. None of the
abutments comprise wing walls on the sides or approach slabs to allow for a clearer
understanding of the mechanisms that lead to settlements and soil pressures on full height
abutments.
For all the analyses presented a unitary transverse width (1.0 m) for the bridge is considered.
As a consequence of the deck having a higher flexural stiffness than the abutment the top part
of the latter can be considered to be rotationally restrained. These assumptions regarding the
stiffness of the deck and piers were carefully checked through numerical modelling.
Figure 1 (a)  and 1 (b)  – Detai ls  of  the two full -height abutments analyses
2.2 Foundation soil and backfill material properties
A 30m deep soil deposit, corresponding to Eurocode 8 [28] ground type C, was considered for
the foundation soil whilst compacted sand was considered for the backfill, with friction angle
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of  42°  and a  dilatancy angle  of  10.9°.  Both the backfill  and foundation soil  were assumed to
have elasto-plastic behaviour; the Mohr–Coulomb criterion was considered to numerically
model their behaviour. This was based on previous researches carried out by Mitoulis et al.;
detailed information is given in [32]. The soil properties introduced in all models are
summarised in Table 1. Geogrids, used for stabilising the backfill in the isolated abutment,
were  assigned  axial  stiffness  equal  to  1.0E  +  05  kN/m  and  were  modelled  using  fully  elastic
behaviour.
Table 1 -  Backfil l  and foundation soil  properties
Layer(s) Thickness(m)
Volume
Weight
(kN/m3)
Poisson’s
ratio
Cohesion
(kPa)
Young’s
Modulus
(kPa)
Shear
wave
velocity
(m/s)
Backfill soil 1-14 0.5 18.5 0.43 0.01 3.89E+5 268.4
Foundation
soil
1 3.0 19.0 0.35 50.0 1.69E+5 179.9
2 3.0 19.0 0.35 78.5 2.31E+5 209.9
3 3.0 19.0 0.35 92.8 2.65E+5 224.9
4 3.0 19.0 0.35 107.0 3.01E+5 239.9
5 3.0 19.0 0.35 121.3 3.40E+5 254.9
6 3.0 19.0 0.35 135.5 3.67E+5 264.9
7 3.0 19.0 0.35 149.8 4.10E+5 279.9
8 3.0 19.0 0.35 164.0 4.40E+5 289.9
9 3.0 19.0 0.35 178.3 4.71E+5 299.8
10 3.0 19.0 0.35 192.5 5.03E+5 309.8
2.3 Finite element models
Analyses on the complex soil-structure interaction between the frame structure and the
backfill  soil  were carried out  using the plane strain  finite  element  code PLAXIS  2D (ver.  8.2)
[33]. It is underlined that large thermal movements are only expected longitudinally along the
symmetric bridges analysed herein, thus no skewness or in plane curvatures were considered.
Dynamic absorbent boundaries were used to simulate the far-field behaviour of the medium,
while the boundary conditions at the base were fully restrained both in translations and
rotations.
The total model width was set as 180m after a first calibration phase to avoid boundary
effects within the model. Sensitivity checks on the results confirmed this to be an adequate
length. The meshing adopted used a total of 2300 15-node plane strain triangular elements.
To account for the high flexural stiffness of the deck and model the rotational restraint at the
top of the abutment plate elements were introduced at the top part of the abutment cluster
element. To keep the computational cost of the model to a reasonable level the bridge deck
has been modelled through the use of a horizontal fixed-end anchor element connected at the
top of the abutment [32].
The backfill soil is divided in 14 layers, each 500mm deep. The foundation soil is divided in 10
layers, each 2 metres deep. Each cluster element representing the backfill soil or the
foundation soil is made continuous with the neighbouring ones by sharing a border.
In the Isolated frame abutment model the backfill and the concrete layers are isolated
through the insertion of a TDA compressible inclusion (CI) layer. In this model, geogrids are
applied both horizontally and vertically. The horizontal geogrids stabilise the backfill earth,
forming in this way the Mechanically Stabilised Earth (MSE); the vertical geogrids are placed
between the CI layer and the backfill soil.
3. THERMAL DISPLACEMENT LOAD
3.1 Description of imposed loading
Realistic cyclic thermal loads have been applied to the models through the use of assigned
prescribed displacements in PLAXIS.
The maximum displacement considered was determined through the model proposed in the
Published Document (PD) 6694-1:2011 [4]. A minimum temperature of -10 oC and a maximum
temperature of 50 oC were considered, based on the approach proposed in BS EN 1991-1-
5:2003 [34]. By considering a type 3 deck [35], a design life of 120 years (typical for bridges in
Europe) and by applying the corrective factors k1 through k4, as defined in the UK NA to BS EN
1991-1-5:2003 [36], the adequate maximum and minimum temperatures to which the bridge
would be exposed through its life have been determined.
The long span integral bridge considered has a total length of 100.5m, therefore the maximum
seasonal displacement experienced has been determined in accordance to [4], which results
to be ±27mm from the rest position at construction (datum). A total of 120 cycles of imposed
displacements ranging from -27mm to +27mm were used to simulate the seasonal effects the
bridge would be exposed through its design life.
The displacement time-histories were applied to the model through the use of prescribed
displacements imposed at top of the abutment and results were obtained through time-
history integration.
It is important to underline that daily and seasonal temperature changes are random in nature
and hence impose random movements to the bridge [37].
For this particular study, it was assumed that the daily temperature variations are smaller than
the seasonal ones, hence mobilise less significant interaction effects; this assumption is
supported by previous research [37]. At this stage of this multi-parametric analysis daily
temperature changes are not considered; once further light has been shed on the long-term
behaviour of IABs this will become the focus of further detailed studies. The displacement
calculated according to the afore mentioned UK published document [34] allows to obtain a
total displacement that does not account for separate seasonal and daily effects.
From  previous  studies  [32],  it  is  known  that  the  response  of  the  bridge  differs,  for  a  small
number of seasonal loading cycles, depending on whether the abutment first moves away
from the backfill soil (‘pull’ condition) and subsequently pushes back against it (‘push’
condition), i.e. a contraction-expansion cycle, or vice versa, i.e. an expansion-contraction
cycle.
The goal of this paper, among others, is to study the long-term behaviour of the integral
abutment bridge system subjected to a high number of expansion-contraction and
contraction-expansion cycles. To identify the effect of the two different interaction
mechanisms both loading sequences shown in Figure 4 were analysed.
Figure 4.  (a)  ‘Expansion and Contraction’  case,  (b)  ‘Contraction and Expansion’  case
Subsequently, critical actions of the abutment and the backfill soil were compared for the
conventional and the isolated system, along with permanent displacements experienced by
the backfill soil around the approach area.
4. RESULTS
4.1 Development of earth pressure on the conventional integral abutment
Figure 5a and Figure 5b show the development of earth pressures on the conventional integral
frame abutment at the increasing number of thermal cycles, respectively for ‘Expansion-
Contraction’ and ‘Contraction-Expansion’ cycles, as explained in Figure 4 (a) and (b). In order
for the results to be more general, the pressure curves are presented using the ratio between
the position on the abutment and its total height, so that observation extrapolated from the
obtained results can be adapted to any full-height abutment.
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Figure 5.  Pressure development on Conventional  abutment.  Expansion-Contraction (a) and Contraction -Expansion (b)
As it is evident from Figures 5 (a) and 5 (b), pressures build up quickly within the first 10-15
years of the bridge being in service; however, for higher number of cycles (15 and above) they
tend to be negligible, i.e. there is small difference in the behaviour of the abutment for the
‘Expansion-Contraction’ and ‘Contraction-Expansion’ analyses.
In Figure 6 a comparison between the ‘Expansion-Contraction’ and ‘Contraction-Expansion’
load cycles is presented. ‘Expansion-Contraction’ cycles are presented using a solid line, while
‘Contraction-Expansion’ cycles are presented using a dashed line.
Figure 6. Pressure development on Conventional abutment.  Expansion-Contract ion
              (solid l ine)  and Contraction-Expansion (dashed l ine)
As it is evident from Figure 6, differences in terms of pressures development are evident for
the  case  of  one  single  thermal  cycle  (1  cycle)  and  are  still  present  for  5  and  15  cycles.  For
higher numbers of thermal cycles (i.e. 15 an above), however, the two systems tend to show
almost perfectly overlapping results, making the difference between the EC and CE load
patterns negligible in the long term. This finding is supported by other similar findings in
literature [16, 40]. This is important as it shows that, throughout the design life of the bridge,
it is expected that there will be small differences in terms of load on the abutments depending
on whether the bridge first undergoes a temperature drop and then a consequent
temperature rise or vice-versa.
Figure 7. Pressure development on Conventional abutment – Zoom-in on pressures
                peak.  Expansion-Contraction (sol id line)  and Contraction-Expansion (dashed
                l ine)
As can be seen from Figure 7,  the differences  in  pressures  between ‘EC’  and ‘CE’  cycles  are
very  small  for  30  cycles  and  above,  and  are  already  negligible  for  15  thermal  cycles;  this
suggests that 30 thermal cycles are adequate to estimate the soil pressure developed on a full
height abutment, in contrast with the 120 cycles currently required by PD6694:2011.
These results reflect the particular geometry, material properties and load sequences
investigated; results might change for different abutments types, backfills and/or load cycle
combinations.
4.2 Development of earth pressure on the isolated integral abutment
When the novel TDA compressible inclusion isolation is taken into account the development
of pressures is drastically changed, both in distribution and in entity; in this case the
distributions tend to be linear for the first 5 cycles and almost linear thereafter. This is of great
importance, as the resultant force is lower than in the conventional abutment case, therefore
the  overturning  moments  lever  arm  is  shorter;  this  leads  to  beneficial  effects  in  terms  of
overall stability and structural design of the abutment.
By comparing the results obtained for the ‘Expansion-Contraction’ and the ‘Contraction-
Expansion’ cases, it becomes evident that the system behaves almost identically, regardless of
the direction of loading, i.e. regardless of whether the load cycles. This is clearly shown in
Figure 13; this conclusion is very evident when a number of cycles above 30 is considered.
Figure 13. Pressure development on Iso lated abutment.  Expansion-Contraction (sol id
l ine)  and Contraction-Expansion (dashed l ine)
From these results it can be stated that for the isolated abutment differences in behaviour
between ‘EC’ and ‘CE’ load cycles are totally negligible even for 1 load cycle.
It is of interest to notice that in the case of isolation the pressures build-up effect is present at
the increasing number of cycles experienced by the bridge, although it is clear in Figure 9 that
the space between the 60 cycles and 90 cycles pressure curves is bigger than the one between
the 90 cycles and 120 cycles pressure curves, which seems to suggest a reduction in the pace
at which pressures increase on the integral abutment due to the growing number of cycles.
The pressure experienced by the integral  isolated abutment  after  1  cycle  is  of  43.12 kN/m2;
this  pressure grows to  89.94 kN/m2 at  120 load cycles,  with  a  total  increase of  108% during
design life, i.e. 120 years; yet these pressures are much lower than the ones estimated for the
conventional abutment.
4.3 Comparison of the conventional and the isolated integral abutment
Although the percentage increase in pressure for the isolated abutment appears very high, the
isolated system only experiences a maximum pressure which is slightly above one seventh of
the maximum pressure developed in the conventional abutment.
This is clearly shown in Figure 14, where a comparison between pressures developed in the
conventional and in the isolated integral frame abutments is shown. For clarity only the ‘EC’
load  case  is  shown;  similar  results  were  found  for  the  ‘CE’  load  case,  with  even  higher
differences in pressures recorded for lower number of cycles.
Figure 14.  Pressure development on frame abutment – Conventional system (solid)  vs
                 Isolated system (dashed)
It is also interesting to understand how the pressure curves found for the Conventional and
the  Isolated  system  relate  to  the  pressure  curves  typically  used  in  design.  For  this  reason  a
comparison between the curves found through the FEM analyses and the ones relative to
active, at rest and passive state of the soil are considered. At rest, active and passive pressures
have been calculated according to the Rankine theory [38].
Figure 15. Pressure development on frame abutment – Conventional system (solid)  vs
                 Isolated system (dashed)
As it is evident from Figure 15, the distribution of pressures in the conventional system is very
different from the linear distribution adopted in many designs [39], with peak pressures as
high  as  the  maximum  passive  pressure  after  only  1  cycle  of  thermal  loading,  i.e.  before  the
development of ratcheting effects and consecutive build-up of pressures. Moreover, the
resultant of pressures in the conventional integral abutment case is higher than the one
obtained from a linear distribution; therefore, the overturning moments applied on the
integral abutment appear to be higher than what has been traditionally accounted for; for the
particular geometry studied in this research the centre of pressures, i.e. the point of
application of the resultant force, for the conventional system is slightly under mid-height,
while it would place 1/3 of the abutment height for a linear distribution. This, coupled with a
maximum peak pressure 50% higher than the one obtained for passive pressure, changes
drastically the overturning moments experienced by the abutments and indicates that a
design approach based on passive pressure would not be conservative and acceptable.
When the compressible inclusion is introduced, its beneficial effects are evident; for 1 cycle
loading the pressure developed behind the abutment appears to be very close to the active
pressure, while for 120 load cycles the pressure developed is slightly higher than the at-rest
pressure and well below the passive pressure values.
4.4 Permanent vertical displacements of the backfill soil
An acknowledged design challenge for IABs, which undermines the condition of the structure
in the long-term, is the control of permanent vertical backfill displacements, which are mainly
due to the non-linear behaviour of the soil and the deformations of the abutment wall and
foundation.
Such displacements can be both upwards (heaving) or downwards (settlement). Their entity
has been assessed through the 120 load cycles, for both models studied. The observed
behaviour shows that the vertical displacements are not highly affected by the initial direction
of the thermal movement, as a result an almost perfect overlapping between the ‘EC’ and the
‘CE’ curves has been observed.
Figure 17 – Backfi ll  vert ical  displacement,  Conventional  vs.  Isolated systems
As shown in Figure 17, the conventional systems shows a settlement in proximity of the
abutment, while a pronounced swelling takes place further away from it, starting from half a
meter behind it and extending for another 1.5 metres. This effect is due to the non-linear
behaviour of the soil, which is subjected to an imposed displacement during the ‘push’ phase,
which is not fully recovered in the next ‘pull’ phase. Thus, the backfill swells further upwards
during the next cycle of expansions of the bridge deck.
The behaviour of the isolated bridge, is antithetical, with a swelling in the vicinity of the
abutment and a more pronounced settlement further away from it. It was noted that the
displacement curves for the Isolated system show a sudden change in inclination 7.5m away
from the abutment, i.e. where the geogrids have been interrupted in the model. This can be
interpreted as the effect of a sudden change in stiffness of the soil.
By comparing the two systems it is noticed that the conventional IAB shows a constant
increase of heaving as the number of thermal cycles increases; on the contrary, the Isolated
system shows a decreasing displacements rate as the number of thermal cycles experienced
by the bridge increases. The comparison also shows that the vertical displacement are, in
modulus, much more pronounced in the Conventional system. Curves relating to 1, 5 and 15
cycles loading have been removed to facilitate the reader. Please notice that in Figure 17 solid
lines have been used for the Conventional system, while dashed lines have been used for the
Isolated one.
The large displacements recorded for the higher numbers of cycles appear not to be
confirmed in real applications. However, it is believed that the numerical result is reliable as
there are factors that explain this effect and were not presented herein. Firstly, this
movement upwards is fuelled not only by the Poisson effect when the backfill is squashed by
the abutment during the deck expansion, but also during the bridge contraction because the
footing of the abutment moves upwards when the abutment moves toward the centre of the
bridge. Also, the same heaving effect of the backfill can be explained by considering that the
effects of the approach slab were not modelled; this would partially restrain this movement,
help redistribute the loads and cause densification of the backfill soil. Also, vertical loads
applied by moving vehicles would contrast the swelling of the soil, reducing in this way the
overall observed swelling.
5. PONT BRIWET VIADUCT - CASE STUDY
5.1 Introduction
The Pont Briwet viaduct is a 133m long, fully integral viaduct located in North Wales.
Completed  in  2015  it  provides  road  and  rail  access  across  the  River  Dwyrd  and  replaced  a
Grade II listed timber structure that had exceeded its serviceable life.  Hewson Consulting
undertook detailed design of the new viaduct, for main contractor Hochtief UK for the joint
client team of Gwynedd County Council and Network Rail.
Minimized maintenance and consequent whole life costs was a key client aim from the outset.
This resulted in a fully integral concrete structure with no bearings at either the piers or
abutments.  With an expansion length of over 60m, and fully integral abutments there were
certain design challenges to be overcome.  This included the soil structure interaction analysis
at the abutments to determine backfill pressures and derive design actions.
5.2 Abutment arrangement
The abutment is an embedded wall type arrangement, with a reinforced concrete L shaped
crosshead, supported by approx.. 15m long 900 dia. bored cast in-situ piles.  The piles are
arranged  in  a  single  row  transversely  to  maximize  flexibility  and  minimize  any  restraint  to
viaduct movement.
A permanent steel outer casing is provided over the top 6m of the piles.  This is intended to
create a permanent gap and allow the piles to move without restriction.
The pile toe levels are founded in dense sands which extend up to existing ground level at
approximately 3.5m below the abutment crosshead.  Behind the abutment a wedge of
imported class 6N/6P material was installed to 500mm below road/rail formation level.  In this
upper 500mm layer imported class 6I/6J was used with geotextile reinforcement.  Outside this
wedge imported class 1A general fill was used.
5.3 Soil-Structure Interaction
Guidance on the design of integral bridges to support BS EN 1997-1 is given in PD6694-1..
PD6694-1 provides a simplified limit equilibrium method for deriving the buildup of backfill
pressures behind an integral abutment due to seasonal cyclic movement.  As the depth of
material affected by the abutment is not easily determined for an embedded wall
arrangement the simplified method could not be used and a soil structure interaction analysis
was undertaken.  The framework for a soil structure interaction analysis given in PD6694-1
was used as the basis.
2D PLAXIS was used to undertake this soil structure interaction analysis.  Although the viaduct
is curved the relatively small differences between the movements on the inner and outer ends
of the deck justified the use of a two-dimensional analysis.
The construction of the abutment was built up in PLAXIS in stages.  Initial conditions were set
which represented the existing ground strata before construction commenced.  Subsequent
stages were input to represent construction of the piles, crosshead and the integral
connection with the deck.  Subsequent backfilling with the different layers of imported
material was then modelled.
A  non-linear  soil  model  was  used  to  represent  the  behaviour  of  the  various  materials.   In
PLAXIS this is defined as the soil hardening model and was used as it includes the build-up of
the permanent strain that occurs with cyclic loading.  It also models hardening of the soil by
varying the stiffness as a function of the applied load.
Initially an upper and lower bound approach to the soil stiffness was adopted, although it
soon became apparent that the upper bound was critical for the development of backfill
pressures.  As mean high water springs is below crosshead level water pressure was not
included.  As the existing strata and backfill material are granular in nature a drained analysis
was undertaken.
Once construction of the abutment and backfill had been modelled in PLAXIS sequential
construction stages were established to model the seasonal movement of the viaduct.
Characteristic temperature movements were extracted from the main viaduct analysis model
and factored in line with PD6694-1 to provide design values.
5.4 Results
The distribution of backfill pressure behind the abutment is shown in figure ??.  An initial build
up can be seen behind the crosshead with a peak at the top of the piles.  A drop in backfill
pressure can be seen over the depth of the outer casing before a smaller peak in pressure is
experienced by the piles where the casing terminates.  The backfill pressures then reduce as
the movement of the piles lessens with depth.
For design the bending moments and shears for the piles were taken directly from PLAXIS.
These were then combined with other relevant load effects from the main viaduct analysis
model.  Pile bending and shear reinforcement were then directly determined from this load
combination.
6. CONCLUSIONS
This aim of the research was to investigate the evolution of pressures build-up in Integral
Abutment Bridges under a high number of realistic thermal cycles and the effects this has on
the displacement of the backfill soil, both for a conventional design and a novel system
comprising a sustainable compressible inclusion as a mean of isolation.
A realistic yearly imposed displacement was determined through the use of current UK codes,
based on the maximum temperature excursion the bridge would undergo. A period equal to
the typical design life of a bridge was considered for the purpose of the research.
It was shown that the development of pressures on the conventional abutment walls can be
divided in two phases: at first, an increase of pressures exerted on the abutment wall is
present up to 30 consecutive load cycles; after this point the increase in pressure is almost
negligible and the pressure curves only change slightly both in shape and maximum peak
pressure.
Although pressures virtually do not change, there is a constant increase in heaving of backfill
soil behind the conventional abutment; this is explained by the non-linear behaviour of soil,
which accumulates plastic deformations leading to an increased heaving at a distance from
the abutment.
The isolated system showed a mirrored behaviour, with increasing pressure effects visible at
every consecutive thermal cycle, while backfill soil displacements showed a settling effect,
with a decreasing gradient at the increasing number of cycles. It is important to notice how
both pressures and displacements developed are of more contained entity than in the
conventional case, with peak pressures around seven times smaller than in the conventional
system and recorded displacements around one fourth of the conventional system. As a
consequence of lower absolute pressures and the linear pressure distribution behind the
abutment, the overall bending moments induced on the abutment walls are reduced; this
leads to savings in design, making the isolated structure more sustainable and able to span
over longer distances.
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